The purpose of the current investigation was to describe the fine-and gross-motor acquisitions of very low birth weight (VLBW) infants during their first 12 months without imposing traditional assessment assumptions.
The assessment of motor development in very low birth weight (VLBW) infants has been controversial for several reasons. First, the motor development of this infant population has been assessed with instruments that have been standardized on fullterm infants, and the appropriateness of this strategy has been questioned. 1, 2 Second, it has been assumed that development must be comparable between this infant population and fullterm babies. 3, 4 Comparability has been achieved for VLBW infants by adjusting chronological age for the amount of prematurity, but the accuracy of adjusting chronological age has been challenged. 2, 3, [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] Given these issues, Bartlett and Piper 2 have recommended that motor norms be established for VLBW infants and that the motor performance of a given VLBW infant be evaluated with respect to the general population of VLBW infants.
In light of the recommendations of Bartlett and Piper, the present investigation was both exploratory and descriptive. Its purpose was to describe the motor acquisitions of VLBW infants during the first 12 months without imposing traditional assessment assumptions. Fineand gross-motor milestones were described, no adjustments for prematurity were made, and there were no direct comparisons to the developmental acquisitions of fullterm infants.
METHOD Design
The study sample consisted of VLBW infants who participated in a longitudinal investigation of neuromotor development during the first 12 months. All infants who met the specified criteria were identified, and this identification process resulted in the total population that was potentially available for sampling at four assessment ages (neonatal, 4 months, 8 months, and 12 months). The research protocol was approved by our human subjects review board, and informed consent was obtained from the parent(s) of each participating infant.
Neuromotor development was operationalized through fine-and gross-motor milestones, infantile reactions and postural responses, and joint range of motion. The findings for infantile reactions and postural responses 3 and joint range of motion 17 are reported elsewhere.
Subjects
Five criteria were used for subject selection: (1) survival and discharge from our neonatal intensive care unit, (2) gestational age of Յ35 weeks, (3) birth weight of Յ1500 gm and appropriate for gestational age, (4) absence of a genetic disorder (suspect infants were evaluated by our genetics department), and (5) Original Article
vous system (CNS) involvement with behavioral sequelae (e.g., severe anoxia with gross absence of neonatal reflexes). A total of 96 infants met the noted criteria, 4 infants died after hospital discharge, 2 infants were diagnosed with severe vision impairment, and 1 infant was eventually diagnosed with a genetic disorder. Thus, the total sample consisted of 89 infants who were potentially available for assessment. Table 1 is a description of the perinatal and demographic characteristics of the participating infants. Neonatally, assessments were performed for 64 infants who were discharged between 36 and 40 weeks' gestation. The remaining 25 infants were discharged after 40 weeks' gestation; their initial assessment was scheduled for 4 months because they were too medically fragile for evaluation between 36 and 40 weeks' gestation. Across the four evaluation ages, the physical health statuses and physical growth parameters of the assessed infants were consistent with characteristics reported for the general population of VLBW infants. 18 Although all 89 infants were scheduled for follow-up health care visits at 4, 8, and 12 months, 58, 52, and 37 infants returned for assessment at the three respective ages. Given the increasing attrition rate with increasing age, sample representativeness was a salient issue. For both the 8-and 12-month assessments, returning and nonreturning infants were compared with respect to birth weight, gestational age, 1-minute and 5-minute Apgar scores, days in hospital, sex, race, whether transported, delivery type, and presence of a CNS diagnosis. With the exception of one variable at 12 months, the two infant groups were not significantly different across the two ages. At 12 months, returning infants were more likely than nonreturning infants to have had a CNS diagnosis neonatally. Thus, the samples appeared to be representative of the population from which they were drawn, and this finding is consistent with data reported previously for VLBW infants. 19, 20 Infants with CNS diagnoses with behavioral sequelae were excluded, whereas infants with CNS diagnoses without behavioral sequelae at hospital discharge were included in the sample. This was done to keep the current sample as representative as possible of the general population of VLBW infants. Of the 89 infants, 21 had CNS diagnoses neonatally, including grade IV intracranial hemorrhage (5), grade III intracranial hemorrhage (9), grade I intracranial hemorrhage (1), seizures (7), posthemorrhagic hydrocephaly (4), anoxia (1), and neurologic cysts (1) . Again, all 21 infants were without behavioral sequelae at their discharge from hospital.
Assessment Instrument
Fine-and gross-motor assessment items were selected and adapted from the Neonatal Behavioral Assessment Scale, 21 the Bayley Scales of Infant Development, 22 and the Denver Developmental Screening Test. 23 Items were selected from these instruments because they were well established and collectively represented the entire range of fineand gross-motor acquisitions that have been reported during the first 12 months.
Six fine-motor and seven gross-motor behaviors were assessed neonatally. A total of 9 fine-motor and 11 gross-motor behaviors were assessed at 4 months, and 17 fine-motor and 17 gross-motor behaviors were assessed at 8 months; at the 12-month evaluation, 17 finemotor and 22 gross-motor behaviors were assessed. Each assessment item was scored as present and normal, present and abnormal, or absent.
Three trained examiners (C. J. R. S., M. M., S. K. R.) performed all of the developmental assessments. Reliability between examiners was established at Ն90% before data collection, and periodic checks demonstrated that reliability did not fall below the established criterion.
RESULTS
For both the fine-and gross-motor acquisitions, data for a milestone are presented if Ն75% of the sample exhibited the milestone in its normal form. Given the 75% criterion, 14 fine-motor milestones were exhibited by the infant samples across the four assessment ages. Table  2 includes six fine-motor milestones that are visual in nature, whereas Table 3 represents the data for eight fine-motor milestones that involve hand-eye coordination. Nine gross-motor milestones met the 75% criterion across the four assessment ages; data for these milestones appear in Table 4 . Three fine-motor, visual milestones were present both at time of discharge and at 4 months, and although still representing Ͼ75% of the sample, fewer infants demonstrated these abilities at 4 months than at time of discharge. This particular trend was noted during data collection, and anecdotal reports from parents indicated that some infants became less visually attentive between these two assessment ages. This trend was reversed at the 8-month assessment, with 86.5% (n ϭ 45) of the sample fully tracking 180°. Object permanence (looks for yarn) was the most sophisticated fine-motor, visual milestone that was achieved, and 97.3% (n ϭ 36) of the sample demonstrated this milestone at 12 months.
With respect to the fine-motor, hand-eye acquisitions, no milestone was present at time of discharge, and lack of thumb entrapment was exhibited by a majority of the sample at 4 months. Hands together, grasping, and reaching were apparent at the 8-month assessment. The 8-month milestones were also apparent at 12 months in addition to lifting a cube, taking two cubes, passing a cube, and raking/attaining a raisin.
No gross-motor milestone occurred at time of discharge, and lifting head was exhibited by a majority of the sample at 4 months. Lack of head lag, chest up, and head control were apparent at the 8-month assessment. The 8-month milestones were complemented at 12 months by rolling both directions, bearing weight, sitting with arms propped, sitting erect, and standing holding on.
DISCUSSION
The fine-and gross-motor systems of development appeared to be relatively independent of one another before the 8-month assessment. (n ϭ ‫ء)06‬ (n ϭ 48) (n ϭ 52) (n ϭ 37)
No nystagmus 91.8% 91.4% 96.2% 97.3% (n ϭ 56) (n ϭ 53) (n ϭ 50) (n ϭ 36) Tracks 30°82%
75.9% 98.1% 97.3% (n ϭ 50) (n ϭ 44) (n ϭ 51) (n ϭ 36) Tracks past 98.1% 97.3% midline (n ϭ 51) (n ϭ 36) Tracks 180°86.5% 91.9% (n ϭ 45) (n ϭ 34) Looks for yarn 97.3% (n ϭ 36) ‫ء‬Denotes the total number of infants who exhibited a milestone in its normal form. ‫ء‬Denotes the total number of infants who exhibited a milestone in its normal form. ‫ء‬Denotes the total number of infants who exhibited a milestone in its normal form. By 8 months, the two systems appeared to be developing with some interdependence, and the degree of interdependence between fine-and gross-motor achievements was clearly obvious at the 12-month assessment. Thus, early fine-motor control appeared to develop almost to the exclusion of gross-motor progress.
Allen and Alexander 9 have noted that the use of chronological age and comparisons with the developmental acquisitions of fullterm infants would result in a gross overestimation and inappropriate referral rate of VLBW infants for intervention services. Although we concur with this interpretation, using developmental milestones obtained for fullterm infants and adjusting chronological age for the degree of prematurity are methods that are not designed to account for the current pattern(s) of developmental acquisitions. Thus, selecting criteria for defining developmental delay may be accomplished most usefully by comparing the development of a given VLBW infant to the developmental acquisitions of the general VLBW population.
The current data, in conjunction with other research findings, 2, 4, 23, 24 continue to define a developmental picture in which VLBW and fullterm infants achieve the same fine-and gross-motor milestones. However, the developmental pathways whereby milestones are achieved, at least during the first 12 months, appear to be different. Accordingly, applying instruments standardized on fullterm infants to the assessment of VLBW infants may not be serving us well on a number of different fronts, including our clinical assessment initiatives, the detection of delayed/abnormal development, the referral of infants for early intervention, and our research efforts.
Ultimately, the progress of a given VLBW infant needs to be compared with the developmental milestones of the general population of VLBW babies. The current data are exploratory steps in that direction, and further research efforts are warranted before this suggestion can be translated into viable assessment instruments.
